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(57) ABSTRACT

In one embodiment of the invention, a display is provided.
The display includes a light-emitting system including a plu-
rality of light-emitting units, wherein each light-emitting unit
emits light independently, a lens array including a plurality of
lenses disposed on the light-emitting system, and a first liquid
crystal display cell including a plurality of pixels disposed on
the lens array, wherein the number of the light-emitting units
of' the light-emitting system is larger than that of the pixels of
the first liquid crystal display cell.
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DISPLAYS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of Taiwan Patent Applica-
tion No. 101111267, filed on Mar. 30, 2012, and Taiwan
Patent Application No. 101105747, filed on Feb. 22,2012, the
entireties of which are incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a display, and in particular to a
multi-view and multi-user display.

2. Description of the Related Art

With development of era and technological progress,
human beings spare no effort to peruse more real image all the
time; display of stereoscopic image. By parallax of human
beings’ two eyes, a stereoscopic display provides different
images to the left and right eyes of a viewer through various
technologies. Such images are then composed to produce a
stereoscopic image by the brain.

Current stereoscopic image displaying technologies are
spatial form technologies, in general, in addition to wearing
glasses. However, the screen resolution of this form will be
decreased. Additionally, conventional stereoscopic image
display can only be viewed by a single viewer and it is difficult
for more than one viewer to simultaneously view the display
due to the limitation of the light-emitting direction of conven-
tional backlight system.

BRIEF SUMMARY OF THE INVENTION

In one embodiment of the invention, a display is provided.
The display comprises a light-emitting system comprising a
plurality of light-emitting units, wherein each light-emitting
unit emits light independently; a lens array comprising a
plurality of lenses disposed on the light-emitting system; and
a first liquid crystal display cell comprising a plurality of
pixels disposed on the lens array, wherein the number of the
light-emitting units of the light-emitting system is larger than
that of the pixels of the first liquid crystal display cell.

In one embodiment, the light-emitting system comprises a
plurality of organic light-emitting diode groups. Each organic
light-emitting diode group comprises a plurality of organic
light-emitting diode units. Each organic light-emitting diode
unit corresponds to a position in the organic light-emitting
diode group. The position in the organic light-emitting diode
group corresponding to each organic light-emitting diode unit
holds a light-emitting unit.

Atafirst time, at least one organic light-emitting diode unit
of each organic light-emitting diode group provides a first
light source passing through a first image such that one eye of
aviewer receives the firstimage. At a second time, at least one
organic light-emitting diode unit of each organic light-emit-
ting diode group provides a second light source passing
through a second image such that the other eye of the viewer
receives the second image. The first time is earlier than the
second time. The organic light-emitting diode units providing
the first light source and the organic light-emitting diode units
providing the second light source correspond to various posi-
tions in the organic light-emitting diode groups.

In one embodiment, the light-emitting system is a second
liquid crystal display cell comprising a backlight and a pixel
district disposed on the backlight. The pixel district com-
prises a plurality of pixel groups. Each pixel group comprises
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a plurality of pixels. Each pixel corresponds to a position in
the pixel group. The position in the pixel group corresponding
to each pixel holds a light-emitting unit.

At a first time, at least one pixel of each pixel group pro-
vides a first light source passing through a first image such
that one eye of a viewer receives the first image. At a second
time, at least one pixel of each pixel group provides a second
light source passing through a second image such that the
other eye of the viewer receives the second image. The first
time is earlier than the second time. The pixels providing the
first light source and the pixels providing the second light
source correspond to various positions in the pixel groups.

In one embodiment, the invention further comprises a
charge coupled device (CCD) coupled to the display to detect
the number of viewers and distance between the viewers and
the display.

The invention adopts organic light-emitting diodes
(OLEDs) or a liquid crystal display (LCD) cell with a back-
light as a sectional light-emitting system of a display and a
tracking technology (e.g. coupling a charge coupled device
(CCD)) to control which light-emitting unit in the light-emit-
ting system should be turned on or turned off to provide
various stereoscopic images (multi-views) to a viewer at vari-
ous locations and efficiently lower “cross talk” phenomenon.
Furthermore, the light-emitting system of the display of the
invention can also turn on numerous light-emitting units
simultaneously to provide the same stereoscopic image to
more than one viewer (multi-users) to view at the same time
while other unnecessary light-emitting units can be directly
turned off to achieve the effect of energy saving.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawing, wherein:

FIG. 1 shows a display according to an embodiment of the
invention;

FIG. 2 shows a display according to an embodiment of the
invention;

FIG. 3 shows a lens and lens array patterns according to an
embodiment of the invention;

FIG. 4A shows a lens pattern according to an embodiment
of the invention;

FIG. 4B shows a lens array pattern according to an embodi-
ment of the invention;

FIG. 5 shows the best viewing area when a viewer is view-
ing a display according to an embodiment of the invention;

FIG. 6 shows a charge coupled device (CCD) coupled to a
display according to an embodiment of the invention;

FIG. 6A shows light-emitting positions of light sources of
a display when there is more than one viewer according to an
embodiment of the invention;

FIG. 6B shows light-emitting positions of light sources of
a display when there is more than one viewer according to an
embodiment of the invention;

FIG. 6C shows a schematic diagram when more than one
viewer is viewing a display according to an embodiment of
the invention;

FIG. 7 shows a display according to an embodiment of the
invention;

FIG. 8 shows a display according to an embodiment of the
invention;

FIG. 9 shows a lens and lens array patterns according to an
embodiment of the invention;
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FIG.10A shows a lens pattern according to an embodiment
of the invention;

FIG. 10B shows a lens array pattern according to an
embodiment of the invention;

FIG. 11 shows the best viewing area when a viewer is
viewing a display according to an embodiment of the inven-
tion;

FIG. 12 shows a charge coupled device (CCD) coupled to
a display according to an embodiment of the invention;

FIG. 12 A shows light-emitting positions of light sources of
a display when there is more than one viewer according to an
embodiment of the invention;

FIG. 12B shows light-emitting positions of light sources of
a display when there is more than one viewer according to an
embodiment of the invention;

FIG. 12C shows a schematic diagram when more than one
viewer is viewing a display according to an embodiment of
the invention;

FIG. 13 A shows a part of a structure of a display according
to an embodiment of the invention;

FIG. 13B shows a multi-view display according to an
embodiment of the invention;

FIG. 14 A shows a part of a structure of a display according
to an embodiment of the invention;

FIG. 14B shows a multi-user display according to an
embodiment of the invention;

FIG. 15A shows a pixel size, the largest number of viewers
and a better viewing distance according to an embodiment of
the invention; and

FIG. 15B shows a cross-sectional design of a lens array
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIGS. 1-2, in accordance with one embodi-
ment of the invention, a display is illustrated. A display 10
comprises a light-emitting system 12, a lens array 14 and a
first liquid crystal display cell 16. The light-emitting system
12 comprises a plurality of light-emitting units 20'. Each
light-emitting unit 20" emits light independently. The lens
array 14 comprises a plurality of lenses 14' disposed on the
light-emitting system 12. The first liquid crystal display cell
16 comprises a plurality of pixels 18 disposed on the lens
array 14.

When the display 10 displays a left-eye picture and a right-
eye picture by turns in temporal, a stereoscopic image may be
seen by a human. However, when the display 10 displays
pictures without distinguishing a left-eye picture from a right-
eye picture in temporal, a non-stereoscopic image may be
seen by a human. Therefore, the display 10 may display
stereoscopic images. In another embodiment, the display 10
may also be switched to display non-stereoscopic images.

In one embodiment, the light-emitting system 12 may com-
prise a plurality of organic light-emitting diode (OLED)
groups 20. Each organic light-emitting diode group 20 com-
prises a plurality of organic light-emitting diode units (pixels)
20'. Each organic light-emitting diode unit (pixel) 20' corre-
sponds to a position (holding a light-emitting unit) in the
organic light-emitting diode group 20. In the light-emitting
system 12, the total number of the organic light-emitting
diode units (pixels) 20' is equal to the number of the light-
emitting units 20'. The total number of the organic light-
emitting diode units (pixels) 20' of the light-emitting system
12 is larger than the number of the pixels 18 of the first liquid
crystal display cell 16. Preferably, the total number of the
organic light-emitting diode units (pixels) 20' of the light-
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emitting system 12 is at least three times that of the number of
the pixels 18 of the first liquid crystal display cell 16.

The organic light-emitting diode units 20' may be passive
matrix or active-matrix organic light-emitting diodes.

In this embodiment, at a first time, in the light-emitting
system 12, at least one organic light-emitting diode unit 20" of
each organic light-emitting diode group 20 provides a first
light source 22. The first light source 22 corresponds to a
position in the lens array 14. The light shape of the first light
source 22 is adjusted by the lens array 14 to have the light
shape uniformly distributed, wherein the first light source 22
passes through the first liquid crystal display cell 16 and fills
up the display area of the first liquid crystal display cell 16.
The first light source 22 passes through a first image 24
provided by the first liquid crystal display cell 16 such that a
viewer’s left eye receives the first image 24, as shown in FI1G.
1. At a second time, in the light-emitting system 12, at least
one organic light-emitting diode unit 20' of each organic
light-emitting diode group 20 provides a second light source
22'. The second light source 22' corresponds to another posi-
tion in the lens array 14. The light shape of the second light
source 22' is adjusted by the lens array 14 to have the light
shape uniformly distributed, wherein the second light source
22' passes through the first liquid crystal display cell 16 and
fills up the display area of the first liquid crystal display cell
16. The second light source 22' passes through a second
image 24' provided by the first liquid crystal display cell 16
such that the viewer’s right eye receives the second image 24',
as shown in FIG. 2. At this time, the first image 24 received by
the viewer’s left eye and the second image 24' received by the
viewer’s right eye are fused to form a 3D stereoscopic image
in the brain, and the number of the pixels seen by the left eye
and right eye of the viewer is equal to the number of the pixels
of'the first liquid crystal display cell 16. That is, the resolution
of'the stereoscopic image fused by the viewer is not reduced.
In other embodiments, the output sequence of the left-eye
image and right-eye image may be altered. The light-emitting
system 12 appoints different organic light-emitting diode
units 20' to emit light such that the light source (22 or 22"
corresponds to various positions in the lens array 14 to change
the light shape of the emitted light. The first time may be
earlier or later than the second time. The organic light-emit-
ting diode units 20' providing the first light source 22 and the
organic light-emitting diode units 20' providing the second
light source 22' correspond to various positions (light-emit-
ting units) in the organic light-emitting diode groups 20. For
example, the organic light-emitting diode units 20' providing
the first light source 22 correspond to “position 17 (P1) in the
organic light-emitting diode groups 20 and the first light
source 22 provided thereby corresponds to “position a” (La)
in the lens array 14, as shown in FIG. 1. Additionally, the
organic light-emitting diode units 20' providing the second
light source 22' correspond to “position 2 (P2) in the organic
light-emitting diode groups 20 and the second light source 22'
provided thereby corresponds to “position b” (Lb) in the lens
array 14, as shown in FIG. 2. “Position 1” (P1) may be
adjacent or nonadjacent to “position 2 (P2). No overlapping
between “position 17 (P1) and “position 2” (P2) is required.
“Position a” (La) may partially or may not overlap with
“position b” (Lb).

In one embodiment, the lens 14' may be columnar and
arranged in a strip form 32 to form the lens array 14, as shown
in FIG. 3. In another embodiment, referring to FIG. 4A, the
lens 14' may also have a first semi-circular cross-section 34
and a second semi-circular cross-section 36. The normal
direction 38 of the first semi-circular cross-section 34 is per-
pendicular to the normal direction 40 of the second semi-
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circular cross-section 36. In this embodiment, the lens 14' is
arranged in an array 42 to form the lens array 14, as shown in
FIG. 4B. In other embodiments, the lens 14' may also be
arranged in other forms to form the lens array 14 and may
have various cross-section shapes (or curvature). Specifically,
the arrangement form of forming the lens array 14 and the
cross-section shapes (or curvature) of the lens 14' are adjusted
based on the relative position and distance between the light-
emitting system 12 and the lens 14' and the same between the
light-emitting system 12 and the first liquid crystal display
cell 16 to have the light source (22 or 22') emit light towards
a given direction and have the light shape uniformly distrib-
uted, wherein the light passes through the first liquid crystal
display cell 16 and fills up the display area of the first liquid
crystal display cell 16, as shown in FIG. 1 or FIG. 2. In
addition, the first liquid crystal display cell 16 can control
whether light passes or does not pass therethrough, to adjust
the gray scale and color.

Additionally, various substances, for example air or glass,
may be filled between the lens 14' and the first liquid crystal
display cell 16. The spacing between the lens 14' and the first
liquid crystal display cell 16 is adjusted based on the various
filled substances. In one embodiment, if air (refractive
index=1) is filled between the lens 14' and the first liquid
crystal display cell 16, the spacing between the lens 14' and
the first liquid crystal display cell 16 may be set to, for
example, 3 mm. In another embodiment, if glass (refractive
index=1.5) is filled between the lens 14' and the first liquid
crystal display cell 16, the spacing between the lens 14' and
the first liquid crystal display cell 16 may be increased to, for
example, 4.5 mm.

In one embodiment, an included angle o between the loca-
tion of the viewer and the normal 44 of the display 10 is about
0-20° (0=0=20). This angle range represents the best viewing
area (2a) when the viewer is viewing the display 10, as shown
in FIG. 5.

Still referring to FIG. 1 or FIG. 2, in one embodiment, the
first liquid crystal display cell 16 may adopt the manner of
outputting left-eye and right-eye images by turns and be
driven at 120 Hz speeds. In another embodiment, the first
liquid crystal display cell 16 may adopt the light-emitting
system 12 and display images by adopting the color sequen-
tial method. In another embodiment, the first liquid crystal
display cell 16 may display images by adopting the color
sequential method of three primary colors of red (R), green
(G) and blue (B). In another embodiment, the first liquid
crystal display cell 16 may adopt colors provided by a light
source and further display images by adopting the color
sequential method. In another embodiment, the first liquid
crystal display cell 16 may also adopt the color sequential
method to calculate that at least three time-series pictures are
displayed within a frame time creating a more high-speed
driving manner.

Additionally, the first liquid crystal display cell 16 may
adopt the liquid crystal types with a high-speed response
time, for example an optically compensated bend (OCB)
liquid crystal, blue-phase liquid crystal or ferroelectric liquid
crystal (FLC), to achieve the requirement for fast liquid crys-
tal response.

In one embodiment, the invention further comprises a
charge coupled device (CCD) 46 coupled to the display 10 to
detect the number of viewers, the distance 48 between the
viewer 26 and the display 10 and the angle of the viewer’s
location, as shown in FIG. 6. The charge coupled device
(CCD) 46 is a sensor which can detect optical signals and
convert them to electrical signals. Referring to FIGS. 1, 2 and
6 simultaneously, when there is a single viewer, after the
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charge coupled device 46 detects the location of the viewer 26
and the distance 48 between the viewer 26 and the display 10,
the charge coupled device 46 converts the optical signals to
electrical signals and transmits the electrical signals to the
display 10. After that, the display 10 calculates the received
signals to control the light-emitting units 20' of the organic
light-emitting diode group 20 to emit light (in this embodi-
ment, two light-emitting units 20' of the organic light-emit-
ting diode group 20 are controlled to emit light, e.g. the two
light-emitting units 20' corresponding to P1 and P2) which
causes the viewer 26 to receive an accurate left-eye and right-
eye pictures and further compose the stereoscopic images.

The display of the invention can control the output of the
left-eye and right-eye images based on the angle of the view-
er’s location detected by the charge coupled device (CCD).
When there is a single viewer, the display outputs various
left-eye images or right-eye images based on various loca-
tions of the viewer. This means, for instance, the left-eye
image seen by the viewer standing at the location having an
included angle of 10° with the normal of the display is dif-
ferent from the left-eye image seen by the viewer standing at
the location having an included angle of —-10° with the normal
of the display. The display of the invention can also output
various right-eye images based on various locations of the
viewer. Therefore, a single viewer can see various images
when standing at various locations. However, the number of
pixels seen by the left eye and right eye of the viewer at this
time is equal to the same as that of the first liquid crystal
display cell 16; which means the resolution of the stereo-
scopic images fused by the viewer will not be reduced.

Referring to FIGS. 6A, 6B and 6C simultaneously, the
light-emitting system 12 provides the first light source 22 and
the second light source 22'. The light-emitting positions of the
first light source 22 and the second light source 22' are
selected based on the distances (49, 50 and 51) between more
than one viewer (27, 28 and 29) and the display 10 and the
angles of various viewers’ locations detected by the charge
coupled device (CCD) 46. For example, when there are three
viewers, the organic light-emitting diode units 20' providing
the first light source 22 correspond to “position 1” (P1),
“position 3” (P3) and “position 5” (P5) in the organic light-
emitting diode groups 20, respectively. The first light source
22 provided thereby corresponds to “position a” (La), “posi-
tion ¢” (Lc) and “position e” (Le) in the lens array 14, respec-
tively, to adjust the outputted light shape to have individual
viewers receive an accurate left-eye image 24. Similarly, the
organic light-emitting diode units 20' providing the second
light source 22' correspond to “position 2 (P2), “position 4”
(P4) and “position 6” (P6) in the organic light-emitting diode
groups 20, respectively. The second light source 22' provided
thereby corresponds to “position b” (Lb), “position d” (Ld)
and “position £ (Lf) in the lens array 14, respectively, to
adjust the outputted light shape to have individual viewers
receive an accurate right-eye image 24'.

When there is more than one viewer, also, after the charge
coupled device (CCD) detects the locations of various view-
ers and the distances between the viewers and the display, the
charge coupled device converts the optical signals to electri-
cal signals and transmits the electrical signals to the display.
After that, the display calculates the received signals to con-
trol the light-emitting units of the organic light-emitting
diode group to emit light (in this embodiment, controlling
numerous light-emitting units 20" of the organic light-emit-
ting diode group 20 to emit light, e.g. the light-emitting units
20" corresponding to P1, P3 and P5 and the light-emitting
units 20' corresponding to P2, P4 and P6) which causes indi-
vidual viewers to receive an accurate left-eye and right-eye
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picture simultaneously and further compose the stereoscopic
images. The number of pixels seen by the individual left eye
and right eye of the viewer at this time is equal to the same as
that of the first liquid crystal display cell 16; which means the
resolution of the stereoscopic images fused by individual
viewers will not be reduced.

Specifically, different from a single viewer, when there is
more than one viewer, the display outputs the same left-eye
image information to each viewer; which means regardless of
where any one viewer is at, the left-eye image received
thereby is the same. Similarly, the display outputs the same
right-eye image information to each viewer; which means
regardless of where any one viewer is, the right-eye image
received thereby is the same. Therefore, when there is more
than one viewer, the images seen by each viewer are the same.

Referring to FIGS. 7-8, in accordance with one embodi-
ment of the invention, a display is illustrated. A display 100
comprises a light-emitting system 105, a lens array 140 and a
first liquid crystal display cell 160. The light-emitting system
105 comprises a plurality of light-emitting units (pixels) 200'".
Each light-emitting unit (pixel) 200" emits light indepen-
dently. The lens array 140 comprises a plurality of lenses 140’
disposed on the light-emitting system 105. The first liquid
crystal display cell 160 comprises a plurality of pixels 180
disposed on the lens array 140.

When the display 100 displays a left-eye picture and a
right-eye picture by turns in temporal, a stereoscopic image
may be seen by a human. When the display 100 displays
pictures without distinguishing a left-eye picture from a right-
eye picture in temporal, a non-stereoscopic image may be
seen by a human. Therefore, the display 100 may display
stereoscopic images. In another embodiment, the display 100
may also be switched to display non-stereoscopic images.

In one embodiment, the light-emitting system 105 may be
a second liquid crystal display cell comprising a backlight
110 and a pixel district 120 disposed on the backlight 110. In
one embodiment, the backlight 110 may be a scanning back-
light, zoning light-emitting by turns. Thus, no comprehensive
light-emitting is required for each light-emitting. The back-
light 110 emits light to have the second liquid crystal display
cell 105 be used as a light-emitting system of the first liquid
crystal display cell 160. Specifically, each light-emitting unit
(pixel) 200' can control whether having the light emitted from
the backlight 110 pass or not. Therefore, each light-emitting
unit (pixel) 200" emits light independently.

In one embodiment, the pixel district 120 may comprise a
plurality of pixel groups 200. Each pixel group 200 comprises
a plurality of pixels 200'. Each pixel 200" corresponds to a
position (holding a light-emitting unit) in the pixel group 200.
In the pixel district 120, the total number of the pixels 200" is
equal to the number of the light-emitting units 200'. When the
total number of the pixels 200" of the second liquid crystal
display cell 105 is larger than the number of the pixels 180 of
the first liquid crystal display cell 160, the second liquid
crystal display cell 105 is used as a light-emitting system of
the first liquid crystal display cell 160. Preferably, the total
number of the pixels 200" of the second liquid crystal display
cell 105 is at least three times that of the number of the pixels
180 of the first liquid crystal display cell 160.

In this embodiment, at a first time, in the light-emitting
system 105, at least one pixel 200" of each pixel group 200
provides a first light source 220. The first light source 220
corresponds to a position in the lens array 140. The light shape
of'the first light source 220 is adjusted by the lens array 140 to
have the light shape uniformly distributed, wherein the first
light source 220 passes through the first liquid crystal display
cell 160 and fills up the display area of the first liquid crystal
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display cell 160. The first light source 220 passes through a
first image 240 provided by the first liquid crystal display cell
160 such that a viewer’s left eye receives the first image 240,
as shown in FIG. 7. At a second time, in the light-emitting
system 105, at least one pixel 200" of each pixel group 200
provides a second light source 220'. The second light source
220' corresponds to another positionin the lens array 140. The
light shape of the second light source 220' is adjusted by the
lens array 140 to have the light shape uniformly distributed,
wherein the second light source 220" passes through the first
liquid crystal display cell 160 and fills up the display area of
the first liquid crystal display cell 160. The second light
source 220' passes through a second image 240" provided by
the first liquid crystal display cell 160 such that the viewer’s
right eye receives the second image 240', as shown in FIG. 8.
At this time, the first image 240 received by the viewer’s left
eye and the second image 240 received by the viewer’s right
eye are fused to form a 3D stereoscopic image in the brain. At
this time, the number of the pixels seen by the left eye and
right eye of the viewer is equal to the number of the pixels of
the first liquid crystal display cell 160. That is, the resolution
of the stereoscopic image fused by the viewer will not be
reduced. In other embodiments, the output sequence of the
left-eye image and right-eye image may be altered. The light-
emitting system 105 appoints different pixels 200" to emit
light such that the light source (220 or 220') corresponds to
various positions in the lens array 140 to change the light
shape ofthe emitted light. The first time may be earlier or later
than the second time. The pixels 200' providing the first light
source 220 and the pixels 200' providing the second light
source 220" correspond to various positions (light-emitting
units) in the pixel groups 200. For example, the pixels 200'
providing the first light source 220 correspond to “position 1”
(P1) in the pixel groups 200 and the first light source 220
provided thereby corresponds to “position a” (La) in the lens
array 140, as shown in FIG. 7. Additionally, the pixels 200
providing the second light source 220' correspond to “posi-
tion 2” (P2) in the pixel groups 200 and the second light
source 220" provided thereby corresponds to “position b”
(Lb) in the lens array 140, as shown in FIG. 8. “Position 1~
(P1) may be adjacent or nonadjacent to “position 2” (P2). No
overlapping between “position 1”” (P1) and “position 2” (P2)
is required. “Position a” (La) may partially or may not overlap
with “position b (Lb). The first liquid crystal display cell 160
does not emit light and the light source is provided by the
light-emitting system 105. Therefore, the light-emitting sys-
tem 105 is equivalent to a backlight system of the first liquid
crystal display cell 160. The light source of the light-emitting
system 105 is not limited to a white light, and may also be an
RGB three-primary-color light source or a non-RGB three-
primary-color light source.

In one embodiment, the lens 140' may be columnar and
arranged in a strip form 320 to form the lens array 140, as
shown in FIG. 9. In another embodiment, referring to FIG.
10A, the lens 140" may also have a first semi-circular cross-
section 340 and a second semi-circular cross-section 360. The
normal direction 380 of the first semi-circular cross-section
340 is perpendicular to the normal direction 400 of the second
semi-circular cross-section 360. In this embodiment, the lens
140" is arranged in an array 420 to form the lens array 140, as
shown in FIG. 10B. In other embodiments, the lens 140' may
also be arranged in other forms to form the lens array 140 and
may have various cross-section shapes (or curvatures). Spe-
cifically, the arrangement form of forming the lens array 140
and the cross-section shapes (or curvature) of the lens 140' are
adjusted based on the relative position and distance between
the light-emitting system 105 and the lens 140' and the same
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between the light-emitting system 105 and the first liquid
crystal display cell 160, to have the light source (220 or 220")
emit light towards a given direction and have the light shape
uniformly distributed, wherein the light passes through the
first liquid crystal display cell 160 and fills up the display area
of'the first liquid crystal display cell 160, as shown in FIG. 7
or FIG. 8. In addition, the first liquid crystal display cell 160
can control whether light passes or does not pass there-
through, to adjust the gray scale and color.

Additionally, various substances, for example air or glass,
may be filled between the lens 140" and the first liquid crystal
display cell 160. The spacing between the lens 140" and the
first liquid crystal display cell 160 is adjusted based on the
various filled substances. In one embodiment, if air (refrac-
tive index=1) is filled between the lens 140' and the first liquid
crystal display cell 160, the spacing between the lens 140" and
the first liquid crystal display cell 160 may be set to, for
example, 3 mm. In another embodiment, if glass (refractive
index=1.5) is filled between the lens 140' and the first liquid
crystal display cell 160, the spacing between the lens 140" and
the first liquid crystal display cell 160 should be increased to,
for example, 4.5 mm.

In one embodiment, an included angle [ between the loca-
tion of the viewer and the normal 440 of the display 100 is
about 0-20° (0=f=20). This angle range represents the best
viewing area (2f3) when the viewer is viewing the display 100,
as shown in FIG. 11.

Still referring to FIG. 7 or FIG. 8, in one embodiment, the
first liquid crystal display cell 160 may adopt the manner of
outputting left-eye and right-eye images by turns and be
driven at 120 Hz speeds. In another embodiment, the first
liquid crystal display cell 160 may adopt the light-emitting
system 105 and display images by adopting the color sequen-
tial method. In another embodiment, the first liquid crystal
display cell 160 may display images by adopting the color
sequential method of three primary colors of red (R), green
(G) and blue (B). In another embodiment, the first liquid
crystal display cell 160 may adopt colors provided by a light
source and further display images by adopting the color
sequential method. In another embodiment, the first liquid
crystal display cell 160 may also adopt the color sequential
method to calculate that at least three time-series pictures are
displayed within a frame time creating a more high-speed
driving manner.

Additionally, the first liquid crystal display cell 160 may
adopt the liquid crystal types with high-speed response time,
for example optically compensated bend (OCB) liquid crys-
tal, blue-phase liquid crystal or ferroelectric liquid crystal
(FLC), to achieve the requirement for fast liquid crystal
response.

In one embodiment, the invention further comprises a
charge coupled device (CCD) 460 coupled to the display 100
to detect the number of viewers, the distance 480 between the
viewer 260 and the display 100 and the angle of the viewer’s
location, as shown in FIG. 12. The charge coupled device
(CCD) 460 is a sensor which can detect optical signals and
convert them to electrical signals. Referring to FIGS. 7, 8 and
12 simultaneously, when there is a single viewer, after the
charge coupled device 460 detects the location of the viewer
260 and the distance 480 between the viewer 260 and the
display 100, the charge coupled device 460 converts the opti-
cal signals to electrical signals and transmits the electrical
signals to the display 100. Thereafter, the display 100 calcu-
lates the received signals to control the light-emitting units
200' of the pixel group 200 to emit light (in this embodiment,
controlling two light-emitting units 200" of the pixel group
200 to emit light, e.g. the two light-emitting units 200' corre-

30

40

45

50

10

sponding to P1 and P2) which causes the viewer 260 to
receive an accurate left-eye and right-eye pictures and further
compose the stereoscopic images.

The display of the invention can control the output of the
left-eye and right-eye images based on the angle of the view-
er’s location detected by the charge coupled device (CCD).
When there is a single viewer, the display outputs various
left-eye images or right-eye images based on various loca-
tions of the viewer. This means, for instance, the left-eye
image seen by the viewer standing at the location having an
included angle of 10° with the normal of the display is dif-
ferent from the left-eye image seen by the viewer standing at
the location having an included angle of —-10° with the normal
of the display. The display of the invention can also output
various right-eye images based on various locations of the
viewer. Therefore, a single viewer can see various images
when standing at various locations, however, the number of
pixels seen by the left eye and right eye of the viewer at this
time is equal to the same as that of the first liquid crystal
display cell 160, which means the resolution of the stereo-
scopic images fused by the viewer will not be reduced.

Referring to FIGS. 12A, 12B and 12C simultaneously, the
light-emitting system 105 provides the first light source 220
and the second light source 220'. The light-emitting positions
of the first light source 220 and the second light source 220"
are selected based on the distances (490, 500 and 510)
between more than one viewer (270, 280 and 290) and the
display 100 and the angles of various viewers’ locations
detected by the charge coupled device (CCD) 460. For
example, when there are three viewers, the pixels 200' pro-
viding the first light source 220 correspond to “position 17
(P1), “position 3” (P3) and “position 5 (P5) in the pixel
groups 200, respectively. The first light source 220 provided
thereby corresponds to “position a” (La), “position ¢” (Lc)
and “position e” (Le) in the lens array 140, respectively, to
adjust the outputted light shape to have individual viewers
receive an accurate left-eye image 240. Similarly, the pixels
200" providing the second light source 220" correspond to
“position 2” (P2), “position 4” (P4) and “position 6” (P6) in
the pixel groups 200, respectively. The second light source
220" provided thereby corresponds to “position b” (Lb),
“position d” (L.d) and “position £ (L{) in the lens array 140,
respectively, to adjust the outputted light shape to have indi-
vidual viewers receive an accurate right-eye image 240'.

When there is more than one viewer, also, after the charge
coupled device (CCD) detects the locations of various view-
ers and the distances between the viewers and the display, the
charge coupled device converts the optical signals to electri-
cal signals and transmits the electrical signals to the display.
Thereafter, the display calculates the received signals to con-
trol the light-emitting units of the pixel group to emit light (in
this embodiment, controlling numerous light-emitting units
200" of the pixel group 200 to emit light, e.g. the light-emit-
ting units 200' corresponding to P1, P3 and P5 and the light-
emitting units 200" corresponding to P2, P4 and P6) which
causes individual viewers to receive accurate left-eye and
right-eye pictures simultaneously and further compose the
stereoscopic images. The number of pixels seen by the indi-
vidual left eye and right eye of the viewer at this time is equal
to the same as that of the first liquid crystal display cell 160
which means the resolution of the stereoscopic images fused
by individual viewers will not be reduced.

Specifically, different from a single viewer, when there is
more than one viewer, the display outputs the same left-eye
image information to each viewer; which means regardless of
where any one viewer is, the left-eye image received thereby
is the same. Similarly, the display outputs the same right-eye
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image information to each viewer; which means regardless of
where any one viewer is, the right-eye image received thereby
is the same. Therefore, when there is more than one viewer,
the images seen by each viewer are the same.

In one embodiment, the number of the pixels of the pixel
district 120 of the second liquid crystal display cell 105 is at
least three times that of the pixels of the first liquid crystal
display cell 160.

To illustrate the display of the invention, for example a
display 1 (as shown in FIG. 13B), can be a multi-view display,
and in this example, a part of a structure of the display 1 of the
invention is selected. Referring to FIG. 13A, the part of the
structure of the display 1 comprises an organic light-emitting
diode group 2 comprising a plurality of organic light-emitting
diodeunits (A, B,C,D,E,F, G, H, 1, J), alens array 3 disposed
on the organic light-emitting diode group 2 and a liquid
crystal display cell 4 disposed on the lens array 3. FIG. 13A is
merely schematic. The relative position between the lens
array 3 and the organic light-emitting diode units (A, B, C, D,
E, F, G, H, 1, J) may also be altered based on various require-
ments. Referring to FIG. 13B, simultaneously, when there is
a single viewer, a viewer 5 is located at a first location 5-1. At
a first time, for example, the organic light-emitting diode unit
A of the organic light-emitting diode group 2 provides a first
light source passing through a first image 6-1 provided by the
liquid crystal display cell 4 such that the left eye of the viewer
5 receives the first image 6-1. At a second time, for example,
the organic light-emitting diode unit C of the organic light-
emitting diode group 2 provides a second light source passing
through a second image 6-2 provided by the liquid crystal
display cell 4 such that the right eye of the viewer 5 receives
the second image 6-2. At this time, the firstimage 6-1 received
by the left eye of the viewer 5 and the second image 6-2
received by the right eye of the viewer 5 are fused to form a 3D
stereoscopic image in the brain. Next, the viewer 5 moves to
a second location 5-2. At a first time, for example, the organic
light-emitting diode unit D of the organic light-emitting diode
group 2 provides a first light source passing through a first
image 7-1 provided by the liquid crystal display cell 4 such
that the left eye of the viewer 5 receives the first image 7-1. At
a second time, for example, the organic light-emitting diode
unit F of the organic light-emitting diode group 2 provides a
second light source passing through a second image 7-2 pro-
vided by the liquid crystal display cell 4 such that the right eye
of'the viewer 5 receives the second image 7-2. At this time, the
first image 7-1 received by the left eye of the viewer 5 and the
second image 7-2 received by the right eye of the viewer 5 are
fused to form a 3D stereoscopic image in the brain. Next, the
viewer 5 moves to a third location 5-3. At a first time, for
example, the organic light-emitting diode unit G of the
organic light-emitting diode group 2 provides a first light
source passing through a first image 8-1 provided by the
liquid crystal display cell 4 such that the left eye of the viewer
5 receives the first image 8-1. At a second time, for example,
the organic light-emitting diode unit I of the organic light-
emitting diode group 2 provides a second light source passing
through a second image 8-2 provided by the liquid crystal
display cell 4 such that the right eye of the viewer 5 receives
the second image 8-2. At this time, the first image 8-1 received
by the left eye of the viewer 5 and the second image 8-2
received by the right eye of the viewer 5 are fused to form a 3D
stereoscopic image in the brain. In the invention, various
organic light-emitting diode units (e.g., A-C, D-F, G-I) are
provided as light sources based on the locations (e.g., 5-1,5-2
and 5-3) of the viewer 5 to have the viewer 5 at various
locations (e.g., 5-1, 5-2 and 5-3) be able to view 3D stereo-
scopic images. Specifically, at this time, the viewer 5 at vari-
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ous locations (e.g., 5-1, 5-2 and 5-3) views various 3D ste-
reoscopic images. By the above illustration, the display of the
invention can be a multi-view stereoscopic display.

To illustrate the display of the invention, for example a
display 1 (as shown in FIG. 14B), can be a multi-user display,
and in this example, a part of a structure of the display 1 of the
invention is selected. Referring to FIG. 14A, the part of the
structure of the display 1 comprises an organic light-emitting
diode group 2 comprising a plurality of organic light-emitting
diode units (A, B, C,D, E, F, G, H, 1, J), alens array 3 disposed
on the organic light-emitting diode group 2 and a liquid
crystal display cell 4 disposed on the lens array 3. FIG. 14A is
merely schematic. The relative position between the lens
array 3 and the organic light-emitting diode units (A, B, C, D,
E, F, G, H, I, J) may also be altered based on various require-
ments. Referring to FIG. 14B, simultaneously, when there is
more than one viewer, for example three viewers, a viewer [ is
located at a first location I-1, a viewer 11 is located at a second
location II-1 and a viewer III is located at a third location
II1-1. At a first time, for example, the organic light-emitting
diode units (A, D, G) of the organic light-emitting diode
group 2 simultaneously provide a first light source passing
through a first image 6-1 provided by the liquid crystal dis-
play cell 4 such that the left eyes of the viewers (I, II, III)
receive the first image 6-1, respectively. At a second time, for
example, the organic light-emitting diode units (C, F, I) of the
organic light-emitting diode group 2 simultaneously provide
a second light source passing through a second image 6-2
provided by the liquid crystal display cell 4 such that the right
eyes of the viewers (I, 11, II) receive the second image 6-2,
respectively. At this time, the first image 6-1 received by the
left eyes of the viewers (I, II, III) and the second image 6-2
received by the right eyes of the viewers (I, 11, III) are fused to
form a 3D stereoscopic image in the brain, respectively. In the
invention, various organic light-emitting diode units (e.g.,
A-D-G, C-F-I) are provided as light sources based on the
locations (e.g., I-1, II-1 and I1I-1) and number of the viewers
(e.g., L 1L, I1T) to have various viewers (e.g., L, I1, III) at various
locations (e.g., I-1, II-1 and III-1) be able to view 3D stereo-
scopic images. Specifically, at this time, various viewers (e.g.,
1, 11, 1IT) at various locations (e.g., I-1, II-1 and II1-1) view the
same 3D stereoscopic images. By the above illustration, the
display of the invention can be a multi-user stereoscopic
display.

In one embodiment, the lens 140' may be columnar and
arranged in a strip form 320 to form the lens array 140, as
shown in FIG. 9. In another embodiment, referring to FIG.
10A, the lens 140" may also have a first semi-circular cross-
section 340 and a second semi-circular cross-section 360. The
normal direction 380 of the first semi-circular cross-section
340 is perpendicular to the normal direction 400 of the second
semi-circular cross-section 360. In this embodiment, the lens
140" is arranged in an array 420 to form the lens array 140, as
shown in FIG. 10B. In other embodiments, the lens 140' may
also be arranged in other forms to form the lens array 140 and
may have various cross-section shapes (or curvatures). Spe-
cifically, the arrangement form of forming the lens array 140
and the cross-section shapes (or curvature) of the lens 140' are
adjusted based on the relative position and distance between
the light-emitting system 105 and the lens 140' and the same
between the light-emitting system 105 and the first liquid
crystal display cell 160 to have the light source (220 or 220")
emit light towards a given direction and have the light shape
uniformly distributed, wherein the light passes through the
first liquid crystal display cell 160 and fills up the display area
of'the first liquid crystal display cell 160, as shown in FI1G. 7
or F1G. 8.
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Referring to FIGS. 15A and 15B, a concrete embodiment
of'a cross-sectional design of the lens array 14 is shown. The
concrete embodiment takes the light-emitting system 12 of
organic light-emitting diodes as an example. In other embodi-
ments, the light-emitting system 12 can also be replaced by
the second liquid crystal display cell 105 and the number of
the light-emitting units of the second liquid crystal display
cell being three times that of the pixels of the first liquid
crystal display cellis only an example. In other embodiments,
various cross-section shapes of the lenses can be designed
based on the number of the light-emitting units of the second
liquid crystal display cell being a various number of times that
of the pixels of the first liquid crystal display cell. In the
concrete embodiment, the related parameters of the cross-
section shape of the lens can demonstrate the following rela-
tionship:

In the above formulae, m is the number of viewers, x is
pixel size, H is the height of the upper portion 1401 of the lens,
R is the radius of the arc of the upper portion 1401 of the lens,
D is the height of the lower portion 1402 of the lens, and n1 is
the refractive index of the lens material.

In one embodiment, the lens 14 is a multi-layer structure,
further comprising an adhesive layer 1403 and a basal layer
1404. The refractive index of the adhesive layer 1403 is n2.
The refractive index of the basal layer 1404 is n3. The rela-
tionships among such refractive indexes may be n1>n2 and
nl>n3.

The design of the lens of the invention adopting parameters
including the pixel size x and the largest number of viewers m,
etc. and defining the height H of the upper portion 1401 of the
lens can design the cross-section shapes and arrangement
forms of the lens and the better viewing distance z and angle
can be calculated via said parameters. Among the parameters,
apreferable range of the pixel size x is from 1 pm to 1,000 um
and the number of viewers m is from one viewer to ten
viewers. It is understandable that the pixel size x and the
number of viewers m are changed correspondingly with the
change in the size of the display. When the display is a
large-scale outdoor billboard display, the pixel size x may be
from 1 pmto 1 cm.

The invention adopts organic light-emitting diodes
(OLEDs) or a liquid crystal display (LCD) cell with a back-
light as a sectional light-emitting system of a display and a
tracking technology (e.g. coupling a charge coupled device
(CCD)) to control which light-emitting unit in the light-emit-
ting system should be turned on or turned off to provide
various stereoscopic images (multi-views) to a viewer at vari-
ous locations and efficiently lower “cross talk” phenomenon.
Furthermore, the light-emitting system of the display of the
invention can also turn on numerous light-emitting units
simultaneously to provide the same stereoscopic image to
more than one viewer (multi-users) to view at the same time
while other unnecessary light-emitting units can be directly
turned off to achieve the effect of energy saving. The number
of pixels seen by the left eye and right eye of the viewer is
equal to the same as that of the first liquid crystal display cell
(16, 160) which means the resolution of the stereoscopic
images fused by the viewer will not be reduced.
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While the invention has been described by way of example
and in terms of preferred embodiment, it is to be understood
that the invention is not limited thereto. To the contrary, it is
intended to cover various modifications and similar arrange-
ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accorded the broadest interpretation so as to encompass all
such modifications and similar arrangements.

What is claimed is:

1. A display, comprising:

a light-emitting system comprising a plurality of light-
emitting units, wherein each light-emitting unit emits
light independently;

alens array comprising a plurality of lenses disposed onthe
light-emitting system, wherein the lens comprises an
upper portion having an arc and a lower portion; and

a first liquid crystal display cell comprising a plurality of
pixels disposed on the lens array, wherein the number of
the light-emitting units of the light-emitting system is
larger than the number of the pixels of the first liquid
crystal display cell, wherein parameters of the cross-
section shape of the lens demonstrate the following rela-
tionship:

wherein m is the number of viewers, X is pixel size, H is the
height of the upper portion of the lens, R is the radius of
the arc of the upper portion of the lens, D is the height of
the lower portion of the lens, and nl is the refractive
index of the lens.

2. The display as claimed in claim 1, wherein the light-
emitting system comprises a plurality of organic light-emit-
ting diode groups, each organic light-emitting diode group
comprises a plurality of organic light-emitting diode units,
and each organic light-emitting diode unit corresponds to a
position in the organic light-emitting diode group.

3. The display as claimed in claim 2, wherein the position
in the organic light-emitting diode group corresponding to
each organic light-emitting diode unit holds a light-emitting
unit.

4. The display as claimed in claim 2, wherein the organic
light-emitting diode units are passive matrix or active-matrix
organic light-emitting diodes.

5. The display as claimed in claim 2, wherein at least one
organic light-emitting diode unit of each organic light-emit-
ting diode group provides a first light source passing through
a first image at a first time such that one eye of a viewer
receives the first image, and at least one organic light-emitting
diode unit of each organic light-emitting diode group pro-
vides a second light source passing through a second image at
asecond time such that the other eye of the viewer receives the
second image, wherein the first time is earlier than the second
time, and the organic light-emitting diode units providing the
first light source and the organic light-emitting diode units
providing the second light source correspond to various posi-
tions in the organic light-emitting diode groups.

6. The display as claimed in claim 1, wherein the light-
emitting system is a second liquid crystal display cell.

7. The display as claimed in claim 6, wherein the second
liquid crystal display cell comprises a backlight and a pixel
district disposed on the backlight.
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8. The display as claimed in claim 7, wherein the backlight
is a scanning backlight.

9. The display as claimed in claim 7, wherein the pixel
district comprises a plurality of pixel groups, each pixel group
comprises a plurality of pixels, and each pixel corresponds to
a position in the pixel group.

10. The display as claimed in claim 9, wherein the position
in the pixel group corresponding to each pixel holds a light-
emitting unit.

11. The display as claimed in claim 9, wherein at least one
pixel of each pixel group provides a first light source passing
through a first image at a first time such that one eye of a
viewer receives the first image, and at least one pixel of each
pixel group provides a second light source passing through a
second image at a second time such that the other eye of the
viewer receives the second image, wherein the first time is
earlier than the second time, and the pixels providing the first
light source and the pixels providing the second light source
correspond to various positions in the pixel groups.

12. The display as claimed in claim 1, wherein the lenses
are arranged in a strip form.

13. The display as claimed in claim 1, wherein the lenses
are arranged in an array.

14. The display as claimed in claim 13, wherein the lens has
a first semi-circular cross-section having a normal direction
and a second semi-circular cross-section having a normal
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direction, and the normal direction of the first semi-circular
cross-section is perpendicular to the normal direction of the
second semi-circular cross-section.

15. The display as claimed in claim 9, wherein the number
of the pixels of the pixel district of the second liquid crystal
display cell is at least three times that of the pixels of the first
liquid crystal display cell.

16. The display as claimed in claim 1, wherein the number
of the light-emitting units of the light-emitting system is at
least three times that of the pixels of the first liquid crystal
display cell.

17. The display as claimed in claim 1, wherein the first
liquid crystal display cell is a blue-phase or ferroelectric
liquid crystal display cell.

18. The display as claimed in claim 1, further comprising a
charge coupled device (CCD) coupled to the display to detect
the number of viewers and distance between the viewers and
the display.

19. The display as claimed in claim 1, wherein when there
is more than one viewer, the display provides the same image
to the viewers.

20. The display as claimed in claim 1, wherein when there
is a single viewer, the display provides various images to the
viewer based on various locations of the viewer.

#* #* #* #* #*
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